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DETAILED ACTION 



Claims 1-20 have been examined. 



Papers Received 



2. Receipt is acknowledged of petition, drawing, and information disclosure 
statement papers submitted, where the papers have been placed of record in the file. 



3. The title of the invention is not descriptive. A new title is required that is clearly 
indicative of the invention to which the claims are directed. 



The following title is suggested: GIVING EACH THREAD IN A SIMULTANEOUS 
MULTI-THREADING MODE EXCLUSIVE ACCESS TO ONE REGISTER FILE AND IN 
A SINGLE ACTIVE THREAD MODE GIVING THE ACTIVE THREAD ACCESS TO 
MULTIPLE REGISTER FILES. 



4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 



5. Claims 1-3, 6, 8-13, and 16-20 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Levy (6,092,175). 

6. In regard to claim 1 , Levy discloses a microprocessor, comprising: 
a. a first register file containing registers; 



Specification 



Claim Rejections - 35 USC § 102 



states. 



Application/Control Number: 09/924,335 Page 3 

Art Unit: 2183 

b. a second register file containing registers; Column 5, lines 21-42 and 
figure 5C discuss an embodiment with the use of privately used architectural 
registers for each thread. This means that a first thread has a first set of 
architectural registers and the second thread has a second set of architectural 
registers. Column 10, lines 18-41 show that this third embodiment is called 
SSASR and provides further details of it. Column 15, lines 28-41 show that the 
architectural registers are set up in eight separate register files, one for each of 
eight threads (column 13, line 1). Therefore the private architectural register sets 
are in fact architecture register files. 

c. and a facility for granting access to the first and second register files in a 
single thread mode and in a multi-thread mode, wherein, in the single thread 
mode, a single thread has access to both the first register file and the second 
register file and wherein, in the multi-thread mode, a first thread has access to 
the first register file and a second thread has access to the second register file. 
Column 5, lines 21-42 show that an embodiment has private architectural 
registers for each thread in a simultaneous multithreaded processor (SMT, 
column 4, line 66 - column 5, line 1 ) for a multi-thread mode, when the maximum 
number of threads are executing, where there is no register sharing. This section 
also shows that at some points in time, the processor will be executing fewer 
threads than the number of private register sets (files) contained in the 
processor. This number of threads fewer than the maximum number of threads 
(eight) includes the case of when a single thread is executing, or a single thread 
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mode. Further proof of this is shown in figures 6A-6D, for example, where it is 
shown that SSASR implementations (different only by register length) all execute 
a single thread at times. Column 5, lines 21-42 show that in the SSASR 
embodiment when fewer threads than the maximum are executed, and thus the 
single thread mode as well, the architectural registers (and thus register files) of 
the non-executing threads or contexts are shared with the active threads. 
Therefore, when there is a single executing thread (single thread mode) 
architectural registers will be used from the second thread, which is idle, and thus 
in a single thread mode the active thread has access to both the first and second 
register files. This all inherently occurs in some logic group or a facility. 

7. In regard to claim 2, Levy discloses the microprocessor of claim 1 , wherein, in 
the single thread mode, the single thread has exclusive access to both the first register 
file and the second register file, relative to other threads. As shown above, in single 
thread mode, only one thread is active and thus this is the only thread with access 
(exclusive access) to both register files since the other threads are idle. 

8. In regard to claim 3, Levy discloses the microprocessor of claim 1 , wherein the 
facility includes a mechanism for switching between the single thread mode and the 
multi-thread mode. As shown above when there is one thread active the processor is in 
single thread mode and when all threads are active the processor is in multi-thread 
mode, and thus there must be a mechanism to switch the register access properties of 
the processor for switching between these modes. This mechanism is element 28 of 
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figure 1, which is described in colunnn 7, lines 18-22 and colunnn 10, lines 34-37 as 
deciding what registers to use for holding data for each thread. 

9. In regard to claim 6, Levy discloses the microprocessor of claim 1 , wherein the 
facility is a register renamer that maps logical register references in instructions to 
registers in the first register file and the second register file. As shown above the 
register files are architectural and thus the instruction register references are directly 
mapped to the registers in the first register file. Column 5, lines 21-42 show that 
architectural registers files from the idle threads (i.e. second register file from the 
second thread) are used for renaming registers and thus are mapped to the 
architectural registers of the first register file. Therefore, the facility includes a register 
renamer for mapping the instruction references to the architectural register of the first 
register file and then to the rename registers of the second register file. 

10. In regard to claim 8, Levy discloses the microprocessor of claim 1 , wherein the 
microprocessor supports simultaneous mulfi-threading (SMT) as shown above. 

11. In regard to claim 9, Levy discloses in a microprocessor having a first register file 
and a second register file, a mapping mechanism for mapping references to registers in 
both the first register file and the second register file when in a single thread mode and 
for mapping references to registers in instructions of a first thread solely to registers in 
the first register file and references to registers in instructions in a second thread to 
registers in the second register file when in a multi-thread mode. Column 5, lines 21-42 
and figure 5C discuss an embodiment with the use of privately used architectural 
registers for each thread. This means that a first thread has a first set of architectural 
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registers and the second thread has a second set of architectural registers. Column 10, 
lines 18-41 show that this third embodiment is called SSASR and provides further 
details of it. Column 15, lines 28-41 show that the architectural registers are set up in 
eight separate register files, one for each of eight threads (column 13, line 1). Therefore 
the private architectural register sets are in fact architecture register files. Column 5, 
lines 21-42 show that an embodiment has private architectural registers for each thread 
in a simultaneous multithreaded processor (SMT, column 4, line 66 - column 5, line 1) 
for a multi-thread mode, when the maximum number of threads are executing, where 
there is no register sharing. This section also shows that at some points in time, the 
processor will be executing fewer threads than the number of private register sets (files) 
contained in the processor. This number of threads fewer than the maximum number of 
threads (eight) includes the case of when a single thread is executing, or a single thread 
mode. Further proof of this is shown in figures 6A-6D, for example, where it is shown 
that SSASR implementations (different only by register length) all execute a single 
thread at times. Column 5, lines 21-42 show that in the SSASR embodiment when 
fewer threads than the maximum are executed, and thus the single thread mode as 
well, the architectural registers (and thus register files) of the non-executing threads or 
contexts are shared with the active threads. Therefore, when there is a single executing 
thread (single thread mode) architectural registers will be used from the second thread, 
which is idle, and thus in a single thread mode the active thread has access to both the 
first and second register files. As shown above the register files are architectural and 
thus the instructions register references are directly mapped to the registers in these 
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files. For the multi-thread mode, each thread only access registers private to that 
thread (first thread/first register file) and for the single thread mode both first and second 
register files are used with the second register file being used as rename registers for 
mapping of the architectural registers of the first register file. Column 5, lines 21-42 
show that architectural registers files from the idle threads (i.e. second register file from 
the second thread) are used for renaming registers and thus are mapped to the 
architectural registers of the first register file. 

12. In regard to claim 10, Levy discloses the mapping mechanism of claim 9, wherein 
the mapping mechanism switches between the single thread mode and the multi-thread 
mode when directed by a control mechanism. As shown above when there is one 
thread active the processor is in single thread mode and when all threads are active the 
processor is in multi-thread mode, and thus there must be a mechanism to switch the 
register access properties of the processor for switching between these modes. This 
mechanism is element 28 of figure 1, which is described in column 7, lines 18-22 and 
column 10, lines 34-37 as deciding what registers to use for holding data for each 
thread. 

1 3. In regard to claim 1 1 , Levy discloses in a microprocessor having multiple register 
sets, a method, comprising the steps of: 

a. providing respective threads that are simultaneously executing in a multi- 
thread mode with access to separate respective ones of the register sets; 
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b. and switching fronn the multi-thread mode to a single thread mode where a 
single thread is executing and where the single thread has access to all the 
register sets. 

Column 5, lines 21-42 and figure 5C discuss an embodiment with the use of privately 
used architectural registers for each thread. This means that a first thread has a first 
set of architectural registers and the second thread has a second set of architectural 
registers. Column 10, lines 18-41 show that this third embodiment is called SSASR and 
provides further details of it. Column 5, lines 21-42 show that an embodiment has 
private architectural registers for each thread in a simultaneous multithreaded processor 
(SMT, column 4, line 66 - column 5, line 1) for a multi-thread mode, when the maximum 
number of threads are executing, where there is no register sharing. This section also 
shows that at some points in time, the processor will be executing fewer threads than 
the number of private register sets contained in the processor. This number of threads 
fewer than the maximum number of threads (eight) includes the case of when a single 
thread is executing, or a single thread mode. Further proof of this is shown in figures 
6A-6D, for example, where it is shown that SSASR implementations (different only by 
register length) all execute a single thread at times. Column 5, lines 21-42 show that in 
the SSASR embodiment when fewer threads than the maximum are executed, and thus 
the single thread mode as well, the architectural registers sets of the non-executing 
threads or contexts are shared with the active threads. Therefore, when there is a 
single executing thread (single thread mode) architectural registers will be used from 
the second thread, which is idle, and thus in a single thread mode the active thread has 
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access to both the first and second register sets. As shown above when there is one 
thread active the processor is in single thread mode and when all threads are active the 
processor is in multi-thread mode, and thus there must be a mechanism to switch the 
register access properties of the processor for switching between these modes. This 
mechanism is element 28 of figure 1, which is described in column 7, lines 18-22 and 
column 10, lines 34-37 as deciding what registers to use for holding data for each 
thread. 

14. In regard to claim 12, Levy discloses the method of claim 11, wherein each of the 
register sets is a respective register file. Column 15, lines 28-41 show that the 
architectural registers are set up in eight separate register files, one for each of eight 
threads (column 13, line 1 ). Therefore the private architectural register sets are in fact 
architecture register files. 

1 5. In regard to claim 1 3, Levy discloses the method of claim 1 1 , where two 
simultaneously executing threads are provided in the multi-thread mode as shown 
above by using SMT. 

16. In regard to claim 16, Levy discloses a microprocessor, comprising: 

a. a first bank of execution units for executing instructions; 

b. a second bank of execution units for executing instructions; 

c. a first register file having read and write ports associated with the first 
bank of execution units and read and write ports associated with the second 
bank of execution units; 
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d. a second register file having read and write ports associated with the first 
bank of execution units and read and write ports associated with the second 
bank of execution units; 

e. and circuitry for enabling or disabling selected ones of the read ports and 
the write ports to control access by threads to the register files. 

Column 5, lines 21-42 and figure 5C discuss an embodiment with the use of privately 
used architectural registers for each thread. This means that a first thread has a first 
set of architectural registers and the second thread has a second set of architectural 
registers. Column 10, lines 18-41 show that this third embodiment is called SSASR and 
provides further details of it. Column 15, lines 28-41 show that the architectural 
registers are set up in eight separate register files, one for each of eight threads 
(column 13, line 1). Therefore the private architectural register sets are in fact 
architecture register files. Column 5, lines 21-42 show that an embodiment has private 
architectural registers for each thread in a simultaneous multithreaded processor (SMT, 
column 4, line 66 - column 5, line 1 ) for a multi-thread mode, when the maximum 
number of threads are executing, where there is no register sharing. This section also 
shows that at some points in time, the processor will be executing fewer threads than 
the number of private register sets contained in the processor. This number of threads 
fewer than the maximum number of threads (eight) includes the case of when a single 
thread is executing, or a single thread mode. Further proof of this is shown in figures 
6A-6D, for example, where it is shown that SSASR implementations (different only by 
register length) all execute a single thread at times. Column 5, lines 21-42 show that in 
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the SSASR embodiment when fewer threads than the maximum are executed, and thus 
the single thread mode as well, the architectural registers sets of the non-executing 
threads or contexts are shared with the active threads. Therefore, when there is a 
single executing thread (single thread mode) architectural registers will be used from 
the second thread, which is idle, and thus in a single thread mode the active thread has 
access to both the first and second register sets. As shown above when there is one 
thread active the processor is in single thread mode and when all threads are active the 
processor is in multi-thread mode, and thus there must be a mechanism to switch the 
register access properties of the processor for switching between these modes. This 
mechanism is element 28 of figure 1, which is described in column 7, lines 18-22 and 
column 10, lines 34-37 as deciding what registers to use for holding data for each 
thread. Since each thread operates independently for execution they each have their 
own execution unit banks. Since the register files are accessible by each thread in 
single thread mode depending on which thread is active, there inherently are read and 
write ports to each register file for each thread and the execution unit banks therein. 
There also is inherently circuitry for enabling and disabling the read/write ports of the 
register files so that when in single thread mode the active thread can use each register 
file and when in multi-thread mode each thread only has access to its own register file. 
17. In regard to claim 17, Levy discloses the microprocessor of claim 16, wherein, in 
a single thread mode, the circuitry enables the read and write ports for both the first 
register file and the second register file for access by a single thread as shown above. 
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18. In regard to claim 18, Levy discloses the microprocessor of claim 16, wherein, in 
a multi-thread mode, the circuitry enables the read and write ports associated with the 
first bank of execution units for the first register file for access by a first thread and 
disables the read and write ports associated with the second bank of execution units for 
the first register file so as to not be accessible by the first thread as shown above. 

19. In regard to claim 19, Levy discloses the microprocessor of claim 18, wherein, in 
the multi-thread mode, the circuitry enables the read and write ports associated with the 
second bank of execution units for the second register file for access by a second 
thread and disables the read and write ports associated with the first bank of execution 
units for the first register file so as to not be accessible by the second thread as shown 
above. 

20. In regard to claim 20, Levy discloses the microprocessor of claim 16 further 
comprising a register renamer for renaming logical references to registers in instructions 
so as to operate in one of a single thread mode or multi-thread mode of operation. As 
shown above, the processor uses register renaming and thus inherently comprises a 
register renamer for renaming logical references to registers in instructions and based 
on the registers available for renaming the processor may be found to be in a single or 
multi-thread mode. 

Claim Rejections - 35 USC § 103 

21. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

22. Claims 4, 5, and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Levy in view of Sollars (5,900,025). 

23. In regard to claim 4, 

a. Levy discloses the microprocessor of claim 3, 

b. Levy does not explicitly disclose wherein the mechanism includes control 
registers that control whether the microprocessor executes in the single thread 
mode or in the multi-thread mode. 

c. Sollars has taught in column 1, lines 12-31 the use of a number of control 
registers for controlling hardware and operation modes. 

d. Sollars has also taught in this section that all computer systems have such 
control registers for controlling system operations. The fact that all computer 
systems have control registers would have motivated one of ordinary skill in the 
art to modify the computer system design of Levy to use control registers for 
controlling hardware and operation modes. With these control registers in place, 
the design of Levy in view of Sollars would have controlled whether operation 
was in the single thread or multi-thread mode. 

It would have been obvious to one of ordinary skill in the art at the time of invention to 
modify the design of Levy to incorporate control registers for controlling hardware and 
operation modes of the processor as taught by Sollars since all computer systems 
include control registers for such a purpose. 
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24. In regard to claim 5, Levy in view of Sollars discloses the microprocessor of claim 
4, wherein the mechanism includes software that writes appropriate values into the 
control registers to switch between the single thread mode and the multi-thread mode. 
Column 1 , lines 40-55 of Sollars have shown that the control registers are modified by 
instructions and thus by software. Therefore, software is used to write values into the 
control registers and control the thread mode. 

25. In regard to claim 14, 

a. Levy discloses the method of claim 1 1 , 

b. Levy does not disclose wherein the microprocessor includes control 
registers and wherein the method further comprises prompting the switching by 
writing values in the control registers. 

c. Sollars has taught in column 1, lines 12-31 the use of a number of control 
registers for controlling hardware and operation modes. 

d. Sollars has also taught in this section that all computer systems have such 
control registers for controlling system operations. The fact that all computer 
systems have control registers would have motivated one of ordinary skill in the 
art to modify the computer system design of Levy to use control registers for 
controlling hardware and operation modes. With these control registers in place, 
the design of Levy in view of Sollars would have controlled whether operation 
was in the single thread or multi-thread mode. 

It would have been obvious to one of ordinary skill in the art at the time of invention to 
modify the design of Levy to incorporate control registers for controlling hardware and 
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operation nnodes of the processor as taught by Sollars since all computer systems 
include control registers for such a purpose. 

26. Claims 7 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Levy in view of Torii (5,913,059). 

27. In regard to claim 7, 

a. Levy discloses the microprocessor of claim 1 , 

b. Levy does not explicitly disclose further comprising write lines extending 
between the first register file and the second register file so that contents of one 
of the first and second register files may be copied to the other of the first and 
second register files. 

c. Torii has taught in figures 2, 4, 9, 14, 15, 19, and 26 means for transferring 
data from one register file to another in a multithreaded out-of order system 
automatically when a new thread is generated (column 2, line 62 - column 3, line 
20). 

d. Column 2, line 62 - column 3, line 20 show that by transferring data from 
one register to another upon generation of a new thread instead of loading the 
data separately after generation, higher performance is realized since no cycles 
need be wasted with this loading. This higher performance would have 
motivated one of ordinary skill in the art to modify the design of Levy to include 
the means disclosed by Torii for copying data from one register file to another. 
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It would have been obvious to one of ordinary skill in the art at the time of invention to 
modify the design of Levy to include the means disclosed by Torii for copying data from 
one register file to another so that higher performance is achieved. 
28. In regard to claim 15, 

a. Levy discloses the method of claim 1 1 , 

b. Levy does not explicitly disclose wherein the switching comprises 
propagating values held in a first of the register sets to a second of the register 
sets to regain coherence between the first and second register sets. 

c. Torii has taught in figures 2, 4, 9, 14, 15, 19, and 26 means for transferring 
data from one register file to another in a multithreaded out-of order system 
automatically when a new thread is generated (column 2, line 62 - column 3, line 
20), which would achieve coherence between the register files with one register 
file copying its contents to the other. 

d. Column 2, line 62 - column 3, line 20 show that by transferring data from 
one register to another upon generation of a new thread instead of loading the 
data separately after generation, higher performance is realized since no cycles 
need be wasted with this loading. This higher performance would have 
motivated one of ordinary skill in the art to modify the design of Levy to include 
the means disclosed by Torii for copying data from one register file to another. 

It would have been obvious to one of ordinary skill in the art at the time of invention to 
modify the design of Levy to include the means disclosed by Torii for copying data from 
one register file to another so that higher performance is achieved. 
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Conclusion 



29. The following is text cited from 37 CFR 1.111 (c): In amending in reply to a 
rejection of claims in an application or patent under reexamination, the applicant or 
patent owner must clearly point out the patentable novelty which he or she thinks the 
claims present in view of the state of the art disclosed by the references cited or the 
objections made. The applicant or patent owner must also show how the amendments 
avoid such references or objections. 

30. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. The following patents have been cited to further show the art with 
respect to multi-threading and single threading modes. 

US Pat No 6,651,158 to Burns teaches the use of a single threaded mode and a 
multi-threaded mode as shown in figure 3. 

US Pat No 6,026,479 to Fisher teaches a multithreaded mode with a register file 
for each thread that at times has only a single thread active for a single threaded mode. 

US Pat No. 6,718,457 to Tremblay teaches a multithreaded processor with one 
register file per thread where at times only a single thread is active yielding a single 
thread mode. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Shane F GerstI whose telephone number is (703)305- 
7305. The examiner can normally be reached on M-F 6:45-4:15 (First Friday Off). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Chan can be reached on (703)305-9712. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Shane F GerstI 
Examiner 
Art Unit 21 83 



SFG 

June 8, 2004 




